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(57) ABSTRACT

An oscillator includes a resonator element, an oscillation
circuit configured to oscillate the resonator element to
generate a clock signal, a temperature sensor, a digital
control circuit configured to operate based on the clock
signal and output a control signal based on a temperature
detected by the temperature sensor, a temperature control
circuit configured to output a control voltage based on the
control signal, a temperature control element configured to
control a temperature of the resonator element based on the
control voltage, and a clock signal abnormality detection
circuit configured to detect an abnormality in the clock
signal. The clock signal abnormality detection circuit stops
an output of the control voltage to the temperature control
element performed by the temperature control circuit when
the abnormality in the clock signal is detected.
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1
OSCILLATOR

The present application is based on, and claims priority
from JP Application Serial Number 2022-024534, filed Feb.
21, 2022, the disclosure of which is hereby incorporated by
reference herein in its entirety.

BACKGROUND
1. Technical Field

The present disclosure relates to an oscillator.

2. Related Art

In the related art, an oven controlled crystal oscillator
(OCXO) is known, which has a function of preventing a
fluctuation of an oscillation frequency due to a temperature
change. For example, JP-A-2020-161922 discloses an oscil-
lator in which a temperature detection signal output from a
temperature sensing element is converted into a digital
signal, and in which a digital signal processing circuit
controls a temperature control element based on the digital
signal.

In the related art, the digital signal processing circuit
controls a heat generation amount by the temperature control
element based on the digital signal. Therefore, in order to
appropriately control the temperature control element, it is
necessary for the digital signal processing circuit to nor-
mally process the digital signal. Since the digital signal
processing circuit operates based on a clock signal, an
appropriate operation is not guaranteed when the clock
signal becomes an abnormal signal. As a result, an abnor-
mality such as excessive heat generation of the temperature
control element may occur.

SUMMARY

According to an aspect of the present disclosure, an
oscillator includes: a resonator element; an oscillation circuit
configured to oscillate the resonator element to generate a
clock signal; a temperature sensor; a digital control circuit
configured to operate based on the clock signal and output
a control signal based on a temperature detected by the
temperature sensor; a temperature control circuit configured
to output a control voltage based on the control signal; a
temperature control element configured to control a tem-
perature of the resonator element based on the control
voltage; and a clock signal abnormality detection circuit
configured to detect an abnormality in the clock signal. The
clock signal abnormality detection circuit stops an output of
the control voltage to the temperature control element per-
formed by the temperature control circuit when the abnor-
mality in the clock signal is detected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional block diagram of an oscillator
according to a first embodiment.

FIG. 2 is a functional block diagram showing a main part
of the oscillator according to the first embodiment.

FIG. 3 is a diagram showing a temperature control circuit.

FIG. 4 is a diagram showing an example of waveforms of
a control signal and a control voltage.

FIG. 5 is a timing chart of signals related to detection of
an abnormality in a clock signal.
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FIG. 6 is a diagram showing a clock signal abnormality
detection circuit.

FIG. 7 is a timing chart of signals related to detection of
an abnormality by a first temperature sensor.

FIG. 8 is a diagram showing a second temperature sensor
monitoring circuit.

FIG. 9 is a timing chart of signals related to detection of
an abnormality by a second temperature sensor.

FIG. 10 is a functional block diagram showing a main part
of an oscillator according to a second embodiment.

FIG. 11 is a functional block diagram showing a main part
of an oscillator according to a third embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, embodiments of the present disclosure will
be described in detail with reference to drawings.

First Embodiment

An oscillator 1 according to a first embodiment of the
present disclosure is an oven controlled crystal oscillator
(OCXO) including a quartz crystal resonator. FIG. 1 is a
functional block diagram of the oscillator 1 according to the
embodiment. The oscillator 1 according to the embodiment
is formed in a housing, which is not shown, in which an
accommodation space is formed. The oscillator 1 includes a
resonator element 2, an integrated circuit 3, a temperature
control element 4, and a first temperature sensor 5.

The resonator element 2 is an SC cut quartz crystal
resonator. The resonator element 2 is not limited to the SC
cut. For example, an AT cut or BT cut quartz crystal
resonator, a surface acoustic wave (SAW) resonator, or the
like can be used. As the resonator element 2, for example, a
piezoelectric resonator or a micro electro mechanical sys-
tems (MEMS) resonator other than the quartz crystal reso-
nator may be used. In the embodiment, the resonator ele-
ment 2 is accommodated in a housing which is not shown.
The integrated circuit 3 is a chip element formed by inte-
grating various circuits.

The temperature control element 4 is an element that
adjusts a temperature of the resonator element 2, and is a
heat generation element such as a power transistor. In the
embodiment, the temperature control element 4 is coupled to
the housing that accommodates the resonator element 2.
Heat generated by the temperature control element 4 is
controlled according to a control voltage VHC supplied
from the integrated circuit 3. In the embodiment, the reso-
nator element 2 is heated by the heat generated by the
temperature control element 4, and the temperature of the
resonator element 2 is kept substantially constant. By keep-
ing the temperature of the resonator element 2 substantially
constant, frequency stability can be improved.

A first temperature sensor 5 detects a temperature and
outputs a first temperature detection signal VT1 having a
voltage level corresponding to the detected temperature. The
first temperature detection signal VT1 output from the first
temperature sensor 5 is supplied to the integrated circuit 3.
That is, the first temperature sensor 5 is present outside the
integrated circuit 3. The first temperature sensor 5 and the
integrated circuit 3 are electrically coupled to each other by
a wiring which is not shown. In the embodiment, the first
temperature sensor 5 detects a temperature around the
resonator element 2. In the embodiment, the first tempera-
ture sensor 5 is in contact with the housing that accommo-
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dates the resonator element 2. As the first temperature sensor
5, for example, a thermistor or platinum resistor can be used.

The integrated circuit 3 includes a digital control circuit
210, a temperature control circuit 220, an oscillation circuit
230, a fractional N-phase locked loop (PLL) circuit 231,
which is denoted as FN-PLL circuit 231 in FIG. 1, a
frequency division circuit 232, an output buffer 233, a
second temperature sensor 241, a selector 242, an analog-
to-digital conversion circuit 243, which is denoted as ADC
in FIG. 1, an interface circuit 250, a storage unit 260, a
regulator 270, a clock signal abnormality detection circuit
300, and a second temperature sensor monitoring circuit
310.

The oscillation circuit 230 is electrically coupled to both
ends of the resonator element 2, and is a circuit that amplifies
an output signal of the resonator element 2 and feeds back
the amplified signal to the resonator element 2, thereby
causing the resonator element 2 to oscillate and outputting
an oscillation signal. For example, the oscillation circuit 230
may be an oscillation circuit using an inverter as an ampli-
fication element, or may be an oscillation circuit using a
bipolar transistor as an amplification element.

The fractional-N PLL circuit 231 converts a frequency of
the oscillation signal output from the oscillation circuit 230
into a frequency corresponding to a division ratio indicated
by a delta-sigma modulated division ratio control signal
DIVC. The frequency division circuit 232 divides the oscil-
lation signal output from the fractional-N PLL circuit 231.
The output buffer 233 buffers the oscillation signal output
from the frequency division circuit 232, and outputs an
oscillation signal CKO to the outside of the integrated circuit
3. The oscillation signal CKO is an output signal of the
oscillator 1.

The second temperature sensor 241 detects a temperature
and outputs a second temperature detection signal VT2
having a voltage level corresponding to the detected tem-
perature. For example, the second temperature sensor 241
can be implemented by a diode or the like. The second
temperature sensor 241 is formed in the integrated circuit 3.

The integrated circuit 3 is electrically coupled to a sub-
strate which is not shown, and is electrically coupled to the
resonator element 2 via a wiring electrically coupled to the
substrate. In the embodiment, the integrated circuit 3 is
disposed in the vicinity of the resonator element 2, and the
substrate on which the integrated circuit 3 is mounted is not
in contact with the housing of the resonator element 2.
Therefore, the second temperature sensor 241 is provided at
a position that is further away from the resonator element 2
and the temperature control element 4 than is the first
temperature sensor 5. Therefore, the second temperature
sensor 241 detects a temperature at a position away from the
resonator element 2 and the temperature control element 4.
Therefore, when an outside air temperature of the oscillator
1 changes in a predetermined range, the temperature
detected by the first temperature sensor 5 provided in the
vicinity of the temperature control element 4 hardly
changes, whereas the temperature detected by the second
temperature sensor 241 changes in a predetermined range.

The selector 242 selects and outputs one of the second
temperature detection signal VT2 output from the second
temperature sensor 241 and the first temperature detection
signal VT1 output from the first temperature sensor 5. In the
embodiment, the selector 242 selects and outputs the second
temperature detection signal VT2 and the first temperature
detection signal VT1 in a time division manner.

The analog-to-digital conversion circuit 243 converts the
second temperature detection signal VT2 and the first tem-
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4

perature detection signal VT1, which are analog signals
output from the selector 242 in the time division manner,
into a second temperature code DT2 and a first temperature
code DT1, respectively, which are digital signals. The ana-
log-to-digital conversion circuit 243 may convert the second
temperature detection signal VT2 and the first temperature
detection signal VT1 into the second temperature code DT2
and the first temperature code DT1 after converting the
voltage levels of the second temperature detection signal
VT2 and the first temperature detection signal VT1 by
resistance voltage division or the like.

The digital control circuit 210 outputs a control signal
DHC based on the temperature detected by the first tem-
perature sensor 5. In the embodiment, the digital control
circuit 210 generates the control signal DHC for controlling
the temperature control element 4 based on the first tem-
perature code DT1 indicating the temperature detected by
the first temperature sensor 5 and the second temperature
code DT2 indicating the temperature detected by the second
temperature sensor 241. The digital control circuit 210 may
further generate the control signal DHC based on target
temperature information of the resonator element 2. The
target temperature information of the resonator element 2 is
stored in a read only memory (ROM) 261 of the storage unit
260. When the oscillator 1 is powered on, the target tem-
perature information is transferred from the ROM 261 to a
predetermined register included in a register group 262 and
held therein, and the target temperature information held in
the register is supplied to the digital control circuit 210.

The digital control circuit 210 generates the division ratio
control signal DIVC for temperature-compensation of a
frequency of the oscillation signal based on a set value of a
target frequency stored in the storage unit 260 and the
second temperature code DT2. As described above, the
division ratio control signal DIVC is supplied to the frac-
tional-N PLL circuit 231. The fractional-N PLL circuit 231
converts the frequency of the oscillation signal output from
the oscillation circuit into a frequency corresponding to the
division ratio indicated by the division ratio control signal
DIVC. Accordingly, a frequency of the oscillation signal that
slightly changes according to the outside air temperature is
temperature-compensated. The oscillation signal output t
from the fractional-N PLL circuit 231 becomes a substan-
tially constant target frequency regardless of the outside air
temperature.

The digital control circuit 210 may include a digital filter
that performs low-pass processing on at least a part of the
second temperature code DT2 and the first temperature code
DT1 output from the analog-to-digital conversion circuit
243 in the time division manner to reduce an intensity of a
high-frequency noise signal.

In the embodiment, the digital control circuit 210 is a
processor capable of executing various types of processing
based on a clock signal. In the embodiment, the digital
control circuit 210 operates based on a clock signal (here-
inafter, referred to as a master clock signal MCK) obtained
by dividing an oscillation signal output from the oscillation
circuit 230 by a frequency division circuit which is not
shown. The master clock signal MCK may also be used
when another digital signal processing circuit present in the
integrated circuit 3 operates based on the clock signal.

The temperature control circuit 220 generates and outputs
a control voltage VHC based on the control signal DHC
generated by the digital control circuit 210. The control
voltage VHC is supplied to the temperature control element
4, and a heat generation amount of the temperature control
element 4 is controlled according to the control voltage
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VHC. Accordingly, the temperature of the resonator element
2 is controlled to be substantially constant at a target
temperature.

The interface circuit 250 is a circuit for executing data
communication with an external device, which is not shown,
coupled to the oscillator 1. The interface circuit 250 may be,
for example, an interface circuit corresponding to an inter-
integrated circuit (I2C) bus or an interface circuit corre-
sponding to a serial peripheral interface (SPI) bus.

The storage unit 260 includes the ROM 261, which is a
nonvolatile memory, and the register group 262, which is a
volatile memory. In an inspection step at the time of manu-
facturing the oscillator 1, an external device writes various
kinds of data for controlling an operation of each circuit
provided in the oscillator 1 to various registers included in
the register group 262 via the interface circuit 250 to adjust
the circuit. Then, the external device stores the determined
various kinds of optimum data in the ROM 261 via the
interface circuit 250. When the oscillator 1 is powered on,
various kinds of data stored in the ROM 261 are transferred
to and held in various kinds of registers included in the
register group 262, and the various kinds of data held in the
various kinds of registers are supplied to the circuits.

The regulator 270 generates a power supply voltage and
a reference voltage of each circuit provided in the integrated
circuit 3 based on a power supply voltage VDD supplied
from the outside of the oscillator 1.

Prevention of Abnormal Heat Generation

As described above, the oscillator 1 has a function of
controlling the temperature of the resonator element 2 by
causing the temperature control element 4 to generate heat.
Since the temperature control element 4 generates the heat
according to the control voltage VHC output from the
temperature control circuit 220, the temperature control
element 4 may excessively generate the heat when the
control voltage VHC is abnormal. Therefore, the oscillator
1 according to the embodiment has a function of stopping
the output of the control voltage VHC to the temperature
control element 4 when a cause of excessive heat generation
of the temperature control element 4 occurs. The oscillator
1 according to the embodiment has a function of stopping
the output of the control voltage VHC to the temperature
control element 4 when the temperature of the temperature
control element 4 increases over a reference.

FIG. 2 is a diagram showing a configuration for imple-
menting a function of preventing abnormal heat generation
of the temperature control element 4, which is extracted
from FIG. 1. The temperature control circuit 220 controls the
temperature control element 4 based on the control signal
DHC output from the digital control circuit 210. Therefore,
when the control signal DHC output from the digital control
circuit 210 is abnormal, the temperature control element 4
may excessively generate the heat. One cause of the abnor-
mality in the control signal DHC is an abnormality in the
master clock signal MCK. That is, since the digital control
circuit 210 operates based on the master clock signal MCK,
when the abnormality such as a stop of the master clock
signal MCK occurs, the digital control circuit 210 cannot
output an appropriate control signal DHC.

Therefore, in the embodiment, the clock signal abnormal-
ity detection circuit 300 detects the abnormality in the clock
signal. When the clock signal abnormality detection circuit
300 detects the abnormality in the clock signal, the clock
signal abnormality detection circuit 300 disables the opera-
tion of the temperature control circuit 220 by an output
signal AC. That is, a signal indicating “disable” is output to
an enable signal node included in the temperature control
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circuit 220. As a result, the output of the control voltage
VHC by the temperature control circuit 220 is stopped, and
the heat generation of the temperature control element 4 is
stopped. A configuration of the clock signal abnormality
detection circuit 300 will be described in detail later.

In the embodiment, output values of the first temperature
sensor 5 and the second temperature sensor 241 are also
monitored. The first temperature detection signal VT1 out-
put from the first temperature sensor 5 is converted into the
first temperature code DT1 via the selector 242 and the
analog-to-digital conversion circuit 243. In the embodiment,
since the digital control circuit 210 is a processor, by
monitoring the first temperature code DT1, it is possible to
determine whether the temperature control element 4 abnor-
mally generates the heat. Therefore, the digital control
circuit 210 monitors the temperature detected by the first
temperature sensor 5, and stops the supply of the control
voltage VHC to the temperature control element 4 by the
temperature control circuit 220 when the abnormality in the
temperature is detected.

Specifically, when a temperature indicated by the first
temperature code DT1 exceeds a first reference value, the
digital control circuit 210 disables the operation of the
temperature control circuit 220 by an output signal AT1.
That is, a low-level signal indicating “disable” is output to
the enable signal node included in the temperature control
circuit 220. As a result, the output of the control voltage
VHC by the temperature control circuit 220 is stopped, and
the heat generation of the temperature control element 4 is
stopped. According to the configuration, when the tempera-
ture of the temperature control clement 4 excessively
increases, the temperature can be controlled so as not to
further increase.

Further, in the embodiment, the integrated circuit 3
includes the second temperature sensor monitoring circuit
310. The second temperature sensor monitoring circuit 310
includes an analog circuit, and monitors the second tem-
perature detection signal VT2 detected by the second tem-
perature sensor 241. The second temperature sensor moni-
toring circuit 310 compares a temperature indicated by the
second temperature detection signal VT2 with a second
reference value, and disables the operation of the tempera-
ture control circuit 220 by an output signal AT2 when the
temperature indicated by the second temperature detection
signal VT2 exceeds the second reference value. That is, a
signal indicating “disable” is output to an enable signal node
included in the temperature control circuit 220. As a result,
the output of the control voltage VHC by the temperature
control circuit 220 is stopped, and the heat generation of the
temperature control element 4 is stopped. A configuration of
the second temperature sensor monitoring circuit 310 will be
described in detail later.

Abnormality in Clock Signal

Next, excessive heat generation due to an abnormality in
the clock signal will be described. FIG. 3 is a diagram
showing a configuration example of the temperature control
circuit 220. The temperature control circuit 220 shown in
FIG. 3 includes an AND circuit 221, a level shift circuit 222,
a resistance element 223, a capacitor 224, and an analog
buffer circuit 225. The AND circuit 221 is a two-input AND
circuit to which the control signal DHC and an enable signal
EN are input. Therefore, when the enable signal EN is at a
high level, the AND circuit 221 outputs a signal same as the
control signal DHC. When the enable signal EN is at a low
level, an output of the AND circuit 221 is fixed to the low
level, and the control signal DHC is not output.
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The level shift circuit 222 is a circuit that increases an
input voltage level, and receives the output of the AND
circuit 221 and outputs a level-shifted voltage. In the
embodiment, the level shift circuit 222 is a circuit for
generating a voltage at a level necessary for causing the
temperature control element 4 to generate the heat from the
voltage level of the control signal DHC. Specifically, in the
embodiment, the control signal DHC output by the digital
control circuit 210 is expressed by a predetermined voltage
value that can be output by the digital control circuit 210. In
the embodiment, the voltage value is 1.5 V at the high level
and 0 V at the low level. The AND circuit 221 outputs a
signal having a magnitude same as the control signal DHC.

On the other hand, in the embodiment, a maximum value
of the voltage necessary for controlling the temperature
control element 4 is larger than 1.5 V. For example, when the
temperature control element 4 is a power transistor, an
example of the maximum value of the voltage level neces-
sary for controlling the power transistor is 2.8 V. In this case,
the level shift circuit 222 increases the input voltage level
from 1.5 Vto 28 V.

An output node of the level shift circuit 222 is electrically
coupled to one node of the resistance element 223. The other
node of the resistance element 223 is electrically coupled to
an input node of the analog buffer circuit 225. The capacitor
224 is electrically coupled between the input node of the
analog buffer circuit 225 and a ground node. With such a
circuit, the resistance element 223 and the capacitor 224
constitute a low-pass filter. Therefore, an output voltage of
the level shift circuit 222 is supplied to the analog buffer
circuit 225 via the low-pass filter. The analog buffer circuit
225 is a voltage follower circuit and outputs a voltage same
as the input voltage.

In the above configuration, when the enable signal EN of
the temperature control circuit 220 is at the high level, the
output voltage of the level shift circuit 222 is the same as the
control signal DHC during an ON or OFF period, although
the maximum value of the voltage is corrected. Therefore,
when the enable signal EN of the temperature control circuit
220 is at the high level, a signal obtained by causing the
low-pass filter to act on the control signal DHC is output
from the analog buffer circuit 225. With such a circuit, the
temperature control circuit 220 implements the control of
the temperature control element 4 by pulse density modu-
lation (PDM).

FIG. 4 is a diagram showing an example of waveforms of
the control signal DHC and the control voltage VHC accord-
ing to the embodiment. In FIG. 4, a horizontal axis repre-
sents a time, and a vertical axis represents a voltage. In the
example in FIG. 4, a 1-bit control signal DHC is a code
modulated by the pulse density modulation. On the other
hand, the control voltage VHC output from the temperature
control circuit 220 is a signal obtained by demodulating the
control signal DHC by the low-pass filter. FIG. 4 shows an
example in which a demodulated signal is a sine wave
signal.

As described above, according to the pulse density modu-
lation, the voltage of the control voltage VHC output from
the temperature control circuit 220 can be adjusted by a
pulse density of the control signal DHC. In the pulse density
modulation as described above, the higher the pulse density,
that is, the longer the high-level period of the control signal
DHC, the higher the voltage value of the control voltage
VHC. Therefore, when the control signal DHC is abnormal
and the high-level period of the control signal DHC is longer
than expected, the heat generation amount by the tempera-
ture control element 4 is larger than expected.
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In the above configuration, when an abnormality occurs in
the clock signal for operating the digital control circuit 210
which is a circuit for generating the control signal DHC, the
high-level period of the control signal DHC is longer than
expected, and the temperature control element 4 may exces-
sively generate the heat. FIG. 5 is a timing chart of signals
related to detection of the abnormality in the clock signal.
An uppermost part of FIG. 5 shows an example of the master
clock signal MCK supplied to the digital control circuit 210.
The example is an example in which the master clock signal
MCK stops for some causes after a time point t1. That is, in
this example, after the time point t1, the master clock signal
MCK is fixed to a low level.

The digital control circuit 210 generates a rising edge and
a falling edge of a pulse in the pulse density modulation
according to a rising edge or a falling edge of the master
clock signal MCK. Therefore, when the master clock signal
MCK is fixed to the low level, the pulse of the control signal
DHC cannot be changed. A fourth stage in FIG. 5 shows an
example of the control signal DHC. As in the example
shown in FIG. 5, at the time point t1, the pulse of the control
signal DHC is at a high level. When the master clock signal
MCK is fixed to the low level in this state, the control signal
DHC does not change thereafter. Therefore, the control
signal DHC is fixed to the high level. In this case, a state in
which the voltage of the control voltage VHC output from
the temperature control circuit 220 according to the control
signal DHC is excessively high continues, and the tempera-
ture control element 4 excessively generates the heat.

Therefore, when the abnormality in the clock signal is
detected, the oscillator 1 according to the embodiment has a
function of stopping the output of the control voltage VHC
to the temperature control element 4 by the temperature
control circuit 220. Specifically, the clock signal abnormal-
ity detection circuit 300 controls presence or absence of the
output of the control voltage VHC by the temperature
control circuit 220. In the embodiment, the clock signal
abnormality detection circuit 300 is an amplitude abnormal-
ity detection circuit that detects an abnormality in an ampli-
tude of the clock signal.

FIG. 6 is a diagram showing a configuration example of
the clock signal abnormality detection circuit 300. The clock
signal abnormality detection circuit 300 includes an input
node to which the master clock signal MCK is input and an
output node that outputs the output signal AC. The input
node of the clock signal abnormality detection circuit 300 is
a node to which the master clock signal MCK is supplied
from the oscillation circuit 230. The output node of the clock
signal abnormality detection circuit 300 is electrically
coupled to an enable signal node of the temperature control
circuit 220.

One node of a capacitor C31 is electrically coupled to the
input node of the clock signal abnormality detection circuit
300. The other node of the capacitor C31 is electrically
coupled to one node of resistance elements R31 and R32.
The resistance elements R31 and R32 are elements coupled
in series between a power supply node VD and a ground
node, and set a potential of the node between the resistance
elements R31 and R32 to a predetermined bias potential.

An anode of a diode D31 is electrically coupled to the
node between the resistance elements R31 and R32. A
cathode of the diode D31 is electrically coupled to an
inverting input node (=) of a comparator 301. A capacitor
(C32 and a resistance element R33 are electrically coupled
between a non-inverting input node (+) of the comparator
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301 and the ground node. An output node of the comparator
301 is the output node of the clock signal abnormality
detection circuit 300.

A circuit coupled to the non-inverting input node (+) is a
circuit for identifying an amplitude level of the master clock
signal MCK. Specifically, since the master clock signal
MCK is input to the node between the resistance elements
R31 and R32 via the capacitor C31, the master clock signal
MCK is rectified by the diode D31. That is, when the master
clock signal MCK input to the anode of the diode D31 is at
a high level, a current flows from an anode side to a cathode
side of the diode D31.

In this case, the non-inverting input node (+) of the
comparator 301 has a potential equivalent to the high level
of the master clock signal MCK. On the other hand, when
the master clock signal MCK input to the anode of the diode
D31 is at a low level, no current flows from the anode side
to the cathode side of the diode D31. However, in this case,
a current flows due to a charge accumulated in the capacitor
(32, and the potential of the non-inverting input node (+) of
the comparator 301 gradually decreases from the potential
equivalent to the high level of the master clock signal MCK.

Therefore, the diode D31, the capacitor C32, and the
resistance element R33 function as a peak detection circuit.
Therefore, the potential of the non-inverting input node (+)
of the comparator 301 is maintained at the potential equiva-
lent to the high level of the master clock signal MCK when
the master clock signal MCK is normal. On the other hand,
when the master clock signal MCK stops and is fixed to the
low level, the potential of the non-inverting input node (+)
of the comparator 301 is at the low level. That is, a potential
Vdc obtained by converting the master clock signal MCK
into a DC potential is applied to the non-inverting input node
(+) of the comparator 301.

On the other hand, a fixed reference potential Vrefl
serving as a comparison reference is applied to the inverting
input node (-) of the comparator 301. For this reason, in the
embodiment, one node of a resistance element R34 is
electrically coupled to the power supply node VD, and a
resistance element R35 and an anode of the diode D32 are
electrically coupled to the other node of the resistance
element R34. The resistance element R35 is electrically
coupled between the anode of the diode D32 and the ground
node. A cathode of the diode D32 is electrically coupled to
the inverting input node (-) of the comparator 301. A
resistance element R36 is electrically coupled between the
inverting input node (-) of the comparator 301 and the
ground node. With the above configuration, the reference
potential Vrefl, which is a fixed potential divided from the
power supply node VD, is applied to the inverting input node
(=) of the comparator 301 according to a relationship
between the resistance elements R34, R35, and R36 and the
diode D32.

When the potential applied to the non-inverting input
node (+) is larger than the potential applied to the inverting
input node (-), the comparator 301 outputs a high-level
signal to the output node. When the potential applied to the
non-inverting input node (+) is lower than the potential
applied to the inverting input node (-), the comparator 301
outputs a low-level signal to the output node.

The potential applied to the inverting input node (-) is the
reference potential Vrefl. The potential applied to the non-
inverting input node (+) is the potential Vdc obtained by
converting the master clock signal MCK into the DC poten-
tial. Therefore, the comparator 301 outputs the high-level
signal when the potential Vdc is higher than the reference
potential Vrefl. The comparator 301 outputs the low-level
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signal when the potential Vdc is lower than the reference
potential Vrefl. Since the potential Vdc is a potential Vdc
obtained by converting the master clock signal MCK into
the DC potential, the potential Vdc is at the high level when
the master clock signal MCK normally operates. For
example, in the example shown in FIG. 5, before the time
point t1, the master clock signal MCK normally operates. In
this case, as shown in FIG. 5, the potential Vdc is at the high
level. Therefore, when the master clock signal MCK nor-
mally operates, the output signal AC of the comparator 301
is at the high level. On the other hand, when the master clock
signal MCK is stopped, the potential Vdc is at the low level.
In the example shown in FIG. 5, the master clock signal
MCK stops after the time point t1. In this case, as shown in
FIG. 5, the potential Vdc gradually decreases and is even-
tually at the low level. As a result, at a time point t2, the
potential Vdc is equal to or lower than the reference poten-
tial Vrefl, and the output signal AC of the comparator 301
is at the low level.

The output node of the comparator 301 is the output node
of the clock signal abnormality detection circuit 300, and is
electrically coupled to the enable signal node of the tem-
perature control circuit 220 (EN of the AND circuit 221
shown in FIG. 3). Therefore, when the master clock signal
MCK normally operates as in the state before the time point
t1 in the example shown in FIG. 5, the comparator 301 sets
the enable signal node (EN) of the temperature control
circuit 220 to the high level. That is, the operation of the
temperature control circuit 220 is enabled. Therefore, in the
temperature control circuit 220, the control signal DHC
output from the digital control circuit 210 is output from the
AND circuit 221. As a result, the control voltage VHC is
output from the temperature control circuit 220, and the
temperature of the temperature control element 4 is con-
trolled.

On the other hand, when the master clock signal MCK is
stopped as in the state after the time point t1 in the example
shown in FIG. 5, the comparator 301 sets the enable signal
node (EN) of the temperature control circuit 220 to the low
level. That is, in the AND circuit 221 of the temperature
control circuit 220, the enable signal node (EN) is fixed to
the low level, and the output (ANDOUT shown in FIG. 5)
of the AND circuit 221 is also fixed to the low level. As a
result, the output of the analog buffer circuit 225 is fixed to
the low level, and the control voltage VHC is not output
from the temperature control circuit 220. Therefore, the
operation of the temperature control circuit 220 is disabled,
and the temperature control element 4 is prevented from
excessively generating the heat.

Temperature Abnormality Monitoring by First Temperature
Sensor

Next, the monitoring of the temperature abnormality by
the first temperature sensor 5 will be described. A tempera-
ture detected by the first temperature sensor 5 is input to the
digital control circuit 210 as the first temperature code DT1.
When a temperature indicated by the first temperature code
DT1 is equal to or lower than the first reference value, the
digital control circuit 210 sets the output signal AT1 to the
high level. When the temperature indicated by the first
temperature code DT1 exceeds the first reference value, the
digital control circuit 210 sets the output signal AT1 to the
low level.

FIG. 7 is a timing chart of signals related to detection of
the abnormality due to the first temperature sensor. In FIG.
7, a temperature T (DT1) indicated by the first temperature
code DT1 is shown in an uppermost part. The first reference
value is Thl. In the example shown in FIG. 7, before the
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time point t1, it is assumed that the temperature T (DT1)
indicated by the first temperature code DT1 is lower than the
first reference value Thl. In this state, the digital control
circuit 210 sets the output signal AT1 to the high level. The
output signal AT1 is supplied to the enable signal node (EN)
of the temperature control circuit 220. Therefore, in this
case, in the temperature control circuit 220, the control
signal DHC output from the digital control circuit 210 is
output from the AND circuit 221. As a result, the control
voltage VHC is output from the temperature control circuit
220, and the temperature of the temperature control element
4 is controlled.

On the other hand, after the time point t1, it is assumed
that the temperature T (DT1) indicated by the first tempera-
ture code DT1 is higher than the first reference value Thl.
In this state, the digital control circuit 210 sets the output
signal AT1 to the low level. In this case, in the AND circuit
221 of the temperature control circuit 220, the enable signal
node (EN) is fixed to the low level, and the output (AND-
OUT shown in FIG. 7) of the AND circuit 221 is also fixed
to the low level. As a result, the output of the analog buffer
circuit 225 is fixed to the low level, and the control voltage
VHC is not output from the temperature control circuit 220.
Therefore, the operation of the temperature control circuit
220 is disabled, and the temperature control element 4 is
prevented from excessively generating the heat.
Temperature Abnormality Monitoring by Second Tempera-
ture Sensor

Next, the second temperature sensor monitoring circuit
310 will be described in detail. FIG. 8 is a diagram showing
an example of the second temperature sensor monitoring
circuit 310. The second temperature sensor monitoring cir-
cuit 310 includes resistance elements R37 and R38 and a
comparator 311. The resistance elements R37 and R38 are
electrically coupled in series between the power supply node
VD and the ground node. A node between the resistance
elements R37 and R38 is electrically coupled to an inverting
input node (-) of the comparator 311. A fixed potential
obtained by dividing the potential of the power supply node
VD by the resistance elements R37 and R38 is a reference
potential Vref2 when the comparator 311 executes the com-
parison.

On the other hand, the second temperature detection
signal VT2 output from the second temperature sensor 241
is input to the non-inverting input node (+) of the comparator
311. In FIG. 8, a graph G schematically shows a relationship
between the temperature of the second temperature sensor
241 and the second temperature detection signal V2. As
shown in the graph G, the second temperature sensor 241
according to the embodiment has a characteristic that the
higher the temperature, the smaller the second temperature
detection signal VT2. Therefore, when the second tempera-
ture detection signal VT2 is lower than the reference poten-
tial, it can be determined that the temperature indicated by
the second temperature detection signal VT2 exceeds a
predetermined temperature.

When the potential applied to the non-inverting input
node (+) is larger than the potential applied to the inverting
input node (-), the comparator 311 outputs a high-level
signal to the output node. When the potential applied to the
non-inverting input node (+) is lower than the potential
applied to the inverting input node (-), the comparator 311
outputs a low-level signal to the output node.

In the second temperature sensor monitoring circuit 310,
the potential applied to the inverting input node (-) is the
reference potential Vref2. The potential applied to the non-
inverting input node (+) is the second temperature detection
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signal VT2. Therefore, the comparator 311 outputs the
high-level signal when the second temperature detection
signal VT2 is higher than the reference potential Vref2. The
comparator 311 outputs the low-level signal when the sec-
ond temperature detection signal VT2 is lower than the
reference potential Vref2.

As indicated by the graph G, the second temperature
detection signal VT2 decreases as the temperature increases.
Therefore, in the embodiment, the second reference value,
which is an upper limit, is set for the temperature of the
second temperature sensor 241. Further, a potential same as
the second temperature detection signal VT2 output when
the temperature of the second temperature sensor 241 is the
second reference value is defined as the reference potential
Vref2. That is, the resistance elements R37 and R38 are
selected such that the reference potential Vref2 is applied to
the inverting input node (-) of the comparator 301.

Therefore, when the temperature of the second tempera-
ture sensor 241 does not exceed the second reference value,
the potential of the second temperature detection signal VT2
is higher than the reference potential Vref2, and the output
signal AT2 of the comparator 311 is at the high level. On the
other hand, when the temperature of the second temperature
sensor 241 exceeds the second reference value, the potential
of'the second temperature detection signal VT2 is lower than
the reference potential Vref2, and the output signal AT2 of
the comparator 311 is at the low level. FIG. 9 is a timing
chart of signals related to detection of the abnormality by the
second temperature sensor. As shown in FIG. 9, when the
second temperature detection signal VT2 is lower than the
reference potential Vref2, the output signal AT2 of the
comparator 311 is at the low level.

The output node of the comparator 311 is the output node
of'the second temperature sensor monitoring circuit 310, and
is electrically coupled to the enable signal node (EN) of the
temperature control circuit 220. Therefore, when the tem-
perature of the second temperature sensor 241 is equal to or
lower than the second reference value and the second
temperature detection signal VT2 is higher than the refer-
ence potential Vref2, the comparator 311 sets the enable
signal node (EN) of the temperature control circuit 220 to
the high level. That is, the operation of the temperature
control circuit 220 is enabled. Therefore, in the temperature
control circuit 220, the control signal DHC output from the
digital control circuit 210 is output from the AND circuit
221. As a result, the control voltage VHC is output from the
temperature control circuit 220, and the temperature of the
temperature control element 4 is controlled.

On the other hand, when the temperature of the second
temperature sensor 241 exceeds the second reference value
and the second temperature detection signal VT2 is lower
than the reference potential Vref2, the comparator 311 sets
the enable signal node (EN) of the temperature control
circuit 220 to the low level. That is, in the AND circuit 221
of'the temperature control circuit 220, the enable signal node
(EN) is fixed to the low level, and the output (ANDOUT
shown in FIG. 9) of the AND circuit 221 is also fixed to the
low level. As a result, the output of the analog buffer circuit
225 is fixed to the low level, and the control voltage VHC
is not output from the temperature control circuit 220. As a
result, the operation of the temperature control circuit 220 is
disabled, and the temperature control element 4 is prevented
from excessively generating the heat.

As described above, in the embodiment, whether abnor-
mal heat generation occurs in the temperature control ele-
ment 4 is monitored based on a temperature detected by the
first temperature sensor 5. Further, whether the abnormal
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heat generation occurs in the temperature control element 4
is monitored based on a temperature detected by the second
temperature sensor 241. Therefore, the temperatures are
monitored by two-system temperature sensors. According to
the configuration, even when one of the temperature sensors
fails, it is possible to identify the abnormal heat generation
of the temperature control element 4 by the other tempera-
ture sensor, and it is possible to increase the chance that the
abnormal heat generation can be prevented.

Further, in the embodiment, in addition to the two-system
temperature sensors, whether the abnormality occurs in the
clock signal is monitored. Therefore, the abnormal heat
generation of the temperature control element 4 is prevented
by a three-system method. Therefore, if any one system in
the three-system method functions, even if a failure occurs
in another system, the abnormal heat generation of the
temperature control element 4 can be prevented. Therefore,
it is possible to further increase the chance that the abnormal
heat generation can be prevented.

Further, in the embodiment, the temperature control cir-
cuit 220, the second temperature sensor 241, and the second
temperature sensor monitoring circuit 310 are formed in the
integrated circuit 3, and are electrically coupled to one
another by the wiring in the integrated circuit 3. On the other
hand, the first temperature sensor 5 is present outside the
integrated circuit 3, and is electrically coupled to the inte-
grated circuit 3 via the wiring. That is, a pad provided in the
first temperature sensor 5 and a wiring are coupled to each
other, and the wiring and a pad provided in the integrated
circuit 3 are coupled to each other. As described above, the
first temperature sensor 5 and the second temperature sensor
241 have different elements for electrical coupling.

Therefore, both of the first temperature sensor 5 and the
second temperature sensor 241 may fail due to different
causes. For example, the coupling between the pad and the
wiring may be cut due to vibration with respect to the
oscillator 1 or contact of an object, and the wiring may be
cut. On the other hand, even if such cutting occurs, the
wiring in the integrated circuit 3 such as the second tem-
perature sensor 241 is not cut in many cases. Therefore, as
in the embodiment, when the abnormal heat generation of
the temperature control element 4 is monitored by the
two-system and three-system methods, there is a high
chance that the abnormal heat generation of the temperature
control element 4 can be prevented even if a failure occurs
due to various causes.

Second Embodiment

In the first embodiment, the temperature control element
4 is controlled so as not to abnormally generate heat. When
an abnormality is detected, a signal indicating that the
abnormality is detected may be output to the outside of the
integrated circuit 3. FIG. 10 is a block diagram of the
integrated circuit 3 having such a configuration. The con-
figuration can be implemented by adding an abnormal signal
generation circuit 320 and an external terminal No to the
configuration shown in FIGS. 1 and 2.

The abnormality signal generation circuit 320 is a circuit
that outputs an abnormality detection signal from the exter-
nal terminal No to the outside when an abnormality is
detected in the clock signal abnormality detection circuit
300. The abnormality signal generation circuit 320 is a
circuit that outputs an abnormality detection signal to the
outside from the external terminal No when an abnormality
in a temperature of the first temperature sensor 5 is detected
by the digital control circuit 210 and when an abnormality
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in a temperature of the second temperature sensor 241 is
detected by the second temperature sensor monitoring cir-
cuit 310.

The abnormal signal generation circuit 320 may be imple-
mented in various forms. For example, when an abnormality
is detected in the clock signal abnormality detection circuit
300, an output signal AC from the clock signal abnormality
detection circuit 300 changes from a high level to a low
level. Therefore, when the abnormality signal generation
circuit 320 is implemented by an inverter and a signal
obtained by inverting a level of the output signal AC is
output from the external terminal No, a high-level signal can
be output from the external terminal No when the abnor-
mality is detected in the clock signal abnormality detection
circuit 300.

When the digital control circuit 210 detects an abnormal-
ity in the temperature of the first temperature sensor 5, an
output signal AT1 from the digital control circuit 210
changes from a high level to a low level. Therefore, the
abnormal signal generation circuit 320 may be implemented
by an inverter, and a signal obtained by inverting a level of
the output signal AT1 may be output from the external
terminal No. According to the configuration, when the
abnormality is detected in the digital control circuit 210, a
high-level signal can be output from the external terminal
No.

When the second temperature sensor monitoring circuit
310 detects an abnormality in the temperature of the second
temperature sensor 241, an output signal AT2 from the
second temperature sensor monitoring circuit 310 changes
from a high level to a low level. Therefore, the abnormal
signal generation circuit 320 may be implemented by an
inverter, and a signal obtained by inverting a level of the
output signal AT2 may be output from the external terminal
No. According to the configuration, when the abnormality is
detected in the second temperature sensor monitoring circuit
310, a high-level signal can be output from the external
terminal No.

As a matter of course, the above configuration is an
example. The abnormal signal generation circuit 320 may be
a wiring that directly outputs the output signals AC, AT1,
and AT2 from the external terminal No as long as an
abnormality is not detected when the output signal from the
external terminal No is at a high level and an abnormality is
detected when the output signal from the external terminal
No is at a low level. The abnormal signal generation circuit
320 may be implemented to output the output signals AC,
AT1, and AT2 from the external terminal No via a buffer
circuit. According to the above configuration, it is possible
to identity whether the abnormality in the heat generation of
the temperature control element 4 occurs based on the output
signal from the external terminal No.

Third Embodiment

Further, when an abnormality is detected in the tempera-
ture control element 4, information indicating that the abnor-
mality is detected may be held in the oscillator 1 and may be
referred to by a user. FIG. 11 is a block diagram of the
integrated circuit 3 having such a configuration. The con-
figuration can be implemented by inputting an output signal
AC of the clock signal abnormality detection circuit 300, an
output signal AT1 of the digital control circuit 210, and an
output signal AT2 of the second temperature sensor moni-
toring circuit 310 to the storage unit 260 in the same
configuration as in FIG. 1.
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FIG. 11 shows the same circuits as in FIG. 2, the interface
circuit 250, and the storage unit 260 that are extracted from
such a configuration. In the circuits shown in FIG. 11, when
an abnormality is detected in the clock signal abnormality
detection circuit 300, the storage unit 260 stores information
indicating the abnormality in the clock signal in the storage
unit 260. That is, when an abnormality in a master clock
signal MCK is detected by the clock signal abnormality
detection circuit 300 and an output signal AC changes from
a high level to a low level, a signal indicating that the
abnormality in the clock signal occurs is transferred to the
register group 262. As a result, flag indicating that the
abnormality occurs in the clock signal is held in a specific
register included in the register group 262. The user can read
a value of the flag held in the specific register via an external
device coupled to the interface circuit 250. Further, when the
value of the flag held in the specific register indicates the
abnormality in the clock signal, the user can recognize that
an abnormality such as a stop of the master clock signal
MCK occurs.

When the digital control circuit 210 detects an abnormal-
ity in the temperature of the first temperature sensor 5, the
storage unit 260 stores information indicating the abnormal-
ity in the temperature of the first temperature sensor 5 in the
storage unit 260. That is, when the temperature of the first
temperature sensor 5 indicated by the first temperature code
DT1 exceeds the first reference value, the digital control
circuit 210 changes the output signal AT1 from a high level
to a low level. When the output signal AT1 changes from the
high level to the low level, a signal indicating that the
temperature control element 4 excessively generates the heat
is transferred to the register group 262. As a result, flag
indicating that the temperature control element 4 excessively
generates the heat is held in a specific register included in the
register group 262. The user can read a value of the flag held
in the specific register via an external device coupled to the
interface circuit 250. Further, when the value of the flag held
in the specific register indicates that the temperature control
element 4 excessively generates the heat, the user can
recognize that the excessive heat generation of the tempera-
ture control element 4 is detected based on the first tem-
perature sensor 5.

Further, when the digital control circuit 210 detects an
abnormality in the temperature of the second temperature
sensor 241, the storage unit 260 stores information indicat-
ing the abnormality in the temperature of the second tem-
perature sensor 241 in the storage unit 260. That is, when the
temperature of the second temperature sensor 241 indicated
by the second temperature detection signal V12 exceeds the
second reference value, the second temperature sensor
monitoring g circuit 310 changes the output signal AT2 from
a high level to a low level. When the output signal AT2
changes from the high level to the low level, a signal
indicating that the temperature control element 4 excessively
generates the heat is transferred to the register group 262. As
a result, flag indicating that the temperature control element
4 excessively generates the heat is held in a specific register
included in the register group 262. The user can read a value
of'the flag held in the specific register via an external device
coupled to the interface circuit 250. Further, when the value
of the flag held in the specific register indicates that the
temperature control element 4 excessively generates the
heat, the user can recognize that the excessive heat genera-
tion of the temperature control element 4 is detected based
on the second temperature sensor 241.
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Each of the embodiments described above is an example
of carrying out the disclosure. Therefore, the configuration
of each unit can be replaced with any configuration having
the same function. For example, the configurations of the
temperature control circuit 220, the clock signal abnormality
detection circuit 300, and the second temperature sensor
monitoring circuit 310 are merely examples, and other
elements such as a capacitor, a resistance element, and a
diode may be added. Three types of external terminals may
be provided as the external terminal No according to the
cause of the abnormality. Any other constituents may be
added to the embodiments described above. Further, each of
the embodiments described above may be combined as
appropriate.

What is claimed is:

1. An oscillator comprising:

a resonator element;

an oscillation circuit configured to oscillate the resonator
element to generate a clock signal;

a temperature sensor,

a digital control circuit configured to operate based on the
clock signal and output a control signal based on a
temperature detected by the temperature sensor;

a temperature control circuit configured to output a con-
trol voltage based on the control signal;

a temperature control element configured to control a
temperature of the resonator element based on the
control voltage; and

a clock signal abnormality detection circuit configured to
detect an abnormality in the clock signal, wherein

the clock signal abnormality detection circuit stops an
output of the control voltage to the temperature control
element performed by the temperature control circuit
when the abnormality in the clock signal is detected.

2. The oscillator according to claim 1, wherein

the clock signal abnormality detection circuit is an ampli-
tude abnormality detection circuit configured to detect
an abnormality in an amplitude of the clock signal.

3. The oscillator according to claim 1, further comprising:

an external terminal configured to output an abnormality
detection signal to the outside when an abnormality is
detected in the clock signal abnormality detection cir-
cuit.

4. The oscillator according to claim 1, further comprising:

a storage unit, wherein

when an abnormality is detected in the clock signal
abnormality detection circuit, information indicating
the abnormality in the clock signal is stored in the
storage unit.

5. The oscillator according to claim 1, wherein

the digital control circuit monitors the temperature
detected by the temperature sensor and stops a supply
of the control voltage to the temperature control ele-
ment performed by the temperature control circuit
when an abnormality in the temperature is detected.

6. The oscillator according to claim 5, further comprising:

an external terminal configured to output an abnormality
detection signal to the outside when an abnormality in
the temperature is detected in the digital control circuit.

7. The oscillator according to claim 5, further comprising:

a storage unit, wherein

when an abnormality in the temperature is detected in the
digital control circuit, information indicating the abnor-
mality in the temperature is stored in the storage unit.
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